Abstract : A prototype of a geoscience information system was designed for the treatment of seismological data obtained by an integrated system of surface and borehole arrays at the vicinity of the Nojima fault, responsible to the Kobe earthquake in 1995 (Hyogo-ken Nanbu earthquake M7.2). The information system includes a database (DB) as the core of the system, provided by the graphic user interface (GUI) and allow visualization and treatment of spatial objects and seismic waveforms. Information about earthquake hypocenters and measuring techniques are stored in the relational database, which allows quick selection of the data respond to certain criteria. It is demonstrated that the SEISMO database system development reduces the time required for time-consuming phases of selection, treatment and visualization of the data in a scientific process.
Introduction
In 1996, one year after the 1995 Kobe earthquake the Geological Survey of Japan drilled a 746 m deep borehole penetrating the Nojima fault at Hirabayashi in Awaji island, Central Japan Ohtani et al., 2000; Tanaka et al., 2001 ).
The drilling site was 74.6 m from the surface break of the Nojima fault ( Fig. 1) . The fault core of the Nojima fault consists of a fault gouge, and was found at 623.1-625.3 m. In the fault zone (426-746 m), fault gouges and cataclasite were detected, and characterized by low seismic velocity. Seismic observations at Hirabayashi have being conducted with a surface array and with a multi-level digital borehole seismometer system since the 1995 Kobe earthquake in order to reveal fine structures of the Nojima fault at depth Ito et al., 1999; Kuwahara and Ito, 2000) . The multi-level digital borehole seismometer system was developed by . The system has three level seismometers with three-component sensors (Fig. 2 ) and digitize the data at 2 kHz sampling rate with 16 bits resolution.
The orientation of the two horizontal sensors was determined by observing the particle motion in horizontal components from surface shots, because it has no orientation tool. Data from both the surface and borehole seismometers are recorded by trigger mode, and complied with the hypocenter data. The hypocenters are provided us from both the Kyoto University and the Japan Meteorological Agency.
Several thousands of earthquake waveform datasets were obtained by the integrated surface and borehole array since 1996.
To process all these data, software for storage and treatment of both spatial and time series data has been required. However, at present there are no convenient tools for treatment of both spatial and time series data. For example, the WIN system (Urabe, 1994) , which has been widely used by Japanese seismologists, cannot choose waveform data set from hypocenter data. Further, Geographical Information Systems (GIS), which have developed quickly and have become widely used over the last 15 years, have no convenient tools for time series processing. Meanwhile a comprehensive analysis of the seismic waveforms, the fault locations and the hypocentral distribution can give a plenty of information about detailed structure of the seismogenic region.
To meet this requirement, database system was developed for storage, processing and plotting either spatial or time series data. The system includes DB as a core, module for earthquakes selection and visualization and module for processing and plotting of waveforms.
Structure of database system
The database system, namely SEISMO, consists of the DB, cessing and visualization module, and is provided by graphic user interface (See Fig.3 ). End users retrieve necessary data from the DB through the GUI and get the information in the form of maps and graphics. The users do not care about the data treatment programs or the map drawing scripts, and SEISMO automatically chooses the processing program for the surface or the borehole seismometer data or the monochromatic or color map drawing.
Database
Carefully elaborated optimal structure of DB allows quick data selection and easy algorithm of the DB structure updates.
As a method of the database design, the Entity-Relationship (ER) method was chosen (Jackson, 1988) . In comparison with the decomposition design approach (Jackson, 1988) this method allows the DB updates easier, because functional dependences become involved only at the last step of the DB design rather than at the beginning.
The earthquake and the waveform dataset were chosen as two basic entities, the earthquakes, of which hypocenter parameters were not determined by Kyoto University, were excluded from the present system. The origin time, the hypocenter coordinates and the magnitude of the earthquakes were considered as the attributes of the earthquake entity, and the type of seismometer, the sampling rate and the location of data file on the physical storage unit were assigned as the attributes to the waveform dataset entity (Fig. 4) .
In Fig.5a the ER-diagram corresponded to the character of Marina Pervukhina, et al. the original data is presented. There are several types of matching between the waveform dataset and the earthquake entity. Some of the earthquake entity members do not match any waveform dataset entity member. For example, the earthquake member E3
does not correspond to any waveform dataset. It means this earthquake was not obtained by the integrated system of the surface and borehole seismometers. Some of the earthquake members match to the same waveform dataset. For instance, the E4 and E5 earthquakes match to the W4 waveform dataset. It means these earthquakes occur closely in time so that it is difficult to realize which one was a cause in reality. So two or more earthquakes were sometimes assigned to the same observed waveform dataset.
Furthermore some of the earthquake members correspond to two different waveform datasets. In Fig.5 the earthquake member E1 matches to the waveform datasets W1 and W2. It means that either the surface seismometers or the borehole ones registered the earthquake. According to Jackson (Jackson, 1988 ) the degree of each entity more than one and the membership class of the waveform dataset entity is obligatory on account of both entities can have more than one relationship and at least one earthquake corresponds to each waveform dataset. When the degree of a binary relationship is m:n (m>1, n>1), three relations are required (Jackson, 1988) .
But after the careful consideration, it was decided to diminish the number of the required relations to reduce the number of the required tables. The earthquakes that were not correspondent to any waveform dataset were excluded from the database.
Among the earthquakes assigned to the same waveform dataset the most probable one was chosen. After such kind of the preliminary treatment the ER-diagram represented in Fig.5b was obtained. Some of the earthquakes correspond to two different time series datasets because the earthquakes detected by two types of the observation systems: the surface seismometers (DAS) and the borehole seismometers (DAG).
Thus the degree of the binary relationship is 1:n (n=2) with the obligatory membership class of n-side entity. In this case two tables are required: one for each entity, and the entity key from the 1-side entity (in our case -earthquake) must be added as an attribute in the table of the n-side entity (waveform dataset) (Jackson, 1988) . The Entity-Relationship approach also allows easy DB updates, avoiding either redundant information or an enormous number of tables.
Graphic user interface
The graphic user interface (GUI) was developed for workstations using Tcl/Tk and perl languages. The GUI consists in 3 windows ( Fig.6 ): the upper level window (Fig. 6a) , the map settings and the earthquake selection parameters window (Fig. 6b or   6c ) and the waveform treatment settings window (Fig. 6d) . At the upper level the user can choose the way of earthquake selection: in the square area or in the 5-km area either side along the fault. If the user chose the Square area button at the dropdown menu the window for setting parameters of the square area appears (Fig. 6b) . The earthquakes occurred inside the square area, determined by latitude and longitude limits, will be selected A PROTOTYPE OF DATABASE SYSTEM FOR SEISMOLOGICAL DATA -SEISMO 303 Fig. 3 Structure of SEISMO database system. End users retrieve necessary data from the DB through the GUI (arrows 1) and get the information in the form of maps and graphics (arrows 2). Black arrows marked as 3 show the inner requests of the DB system to the spatial objects visualization module and the waveform processing and visualization module. Fig. 4 Entity-Relationship (ER) type diagram with lists of attributes. The earthquake and the waveform dataset are two basic entities. The origin time, the hypocenter coordinates and the magnitude of the earthquakes are considered as the attributes of the earthquake entity, and the type of seismometer, the sampling rate and the location of data file on the physical storage unit are assigned as the attributes to the waveform dataset entity. (See Fig. 7a ). Otherwise, if the user chose the Nojima Fault button another window appeas (Fig.6c) , in this window the width of zone either side of Nojima fault is determined. In this case earthquakes with the epicenters inside the zone along the Nojima fault will be chosen (See Fig. 7b ).
At the both windows other parameters of the earthquakes can be determined, such as the period of observation (parameter will be chosen and plotted on the black-and-white map (the Black&White check box of the Map type parameter is checked).
After choosing the earthquakes, which respond to some criteria, their waveforms can be treated. Using the Time series menu (Fig. 6d ) the user defines the waveform processing parameters, such as the high-pass filter parameters (the High-pass filter textboxes), the low-pass filter parameters (the Low-pass filter textboxes) defined by Saito (1978) , the normalization (the Normalization textbox), the amplitude (the Amplitude textbox), the initial and final time and the sampling (the Time setting tab).
For example, in Fig.6d next parameters are defined: the highpass and the low-pass filters are not used (0 at the left boxes), the normalization is not used, the amplitude is 0.7, and every point of the waveform will be plotted from 1 to 16 second. The waveform of the chosen earthquake (the Earthquake number textbox) will be processed with the chosen parameters and plotted.
Maps and other spatial data drawing
A chosen area can be graphically drawn using the Generic Mapping Tools (GMT) (Wessel and Smith, 1998) in two ways: as the black-and-white coastline or as the color topographic map.
For drawing maps, we used Mercator projection. Topography data are from the Geographical Survey Institute of Japan. Other spatial data, such as the observation station location, the active fault lines, the epicentral distribution etc. are also plotted. In some cases the analysis of the waveforms of earthquakes occurred in a narrow zone along the fault, is useful. As it was mentioned SEIS-MO allows selection of earthquakes located at a zone along the fault (see Fig. 7a,b) . On the black-and-white map the vertical cross-sections are used to show the earthquake depths (Fig.8a) .
For the same purpose on the color map the different colors are used to show the depth D (in km) of earthquake: red D ≤ 5; orange 5 < D ≤ 10; yellow 10 < D ≤ 15; green 15 < D ≤20 (Fig.8b) .
Time series
The waveform treatment parameters are used to filtrate, scale and normalize the time series data as shown in Fig.6d . In the seismic waveform analysis it is very important to determine the arrival time of P, S and trapped waves as accurately as possible.
SEISMO allows mapping waveforms to a large scale to get the arrival time of all the seismic waves. Fig. 9a ,b presents the waveform of the earthquake occurs at 1998 June 28. The last trace shown under the EW component is the time code. In Fig.9a , P and S waves are obviously discernible. In Fig. 9b the rescaled waveforms are presented.
The borehole data allow higher resolution of the waveforms due to low attenuation of the high frequency seismic energy in shallow depth parts. At the Fig.10a , b the same earthquake waveforms are presented.
Other treatment parameters are also useful for processing of the original waveforms. For example, Fig.11a, b shows the waveform of the earthquake occurred at 1999 May 5 very near to the observation station. Because the seismometers of the array are located at positions with different site amplification factors, the original waveforms (Fig.11a) have different amplitudes.
Normalization is conventionally used to exclude these different amplification factors (Fig. 11b ).
Marina Pervukhina, et al. 6.0 Fig. 10 (a) The same earthquake, which waveform dataset shown in Fig. 9 , obtained by the borehole seismometers (DAG).
(b) The same waveforms enlarged for P wave arrival time determination. 
Conclusions
A database system SEISMO was developed for storage, processing and plotting either spatial or time series data obtained by an integrated system of the surface and borehole array at the vicinity of the Nojima fault in the Kobe earthquake region. An advantage of the SEISMO is that it allows a convenient way to connect earthquake hypocenters with waveforms. Based on the freeware GMT and provided by the convenient graphic user interface, SEISMO database system can be easily adapted for the spatial data visualization for other parts of Japan. Information about earthquake hypocenters and measuring techniques are stored in the relational database, which allows quick selection of the data respond to certain criteria. The time series preprocessing and processing modules allow reading of the data measured by different types of seismometers, normalization, filtering, scaling and plotting of the data. It is demonstrated that the SEISMO database system reduces the time required for time-consuming phases of selection, treatment and visualization of the data in a scientific process. SEISMO database system is available from any computer in local network, which running under UNIX or Linux system. We are planning to extend applicability of the SEISMO system by providing additional functions for reading other standard formats of waveform data and adapt the system for different regions of Japan.
